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ABSTRACT

The time, technical, and location constraints of mobile consumers demand the creation of customized ‘bundles’ of services
that meet their requirements and can be dynamically created from the available service providers. The dynamic nature of such
a service is crucial due to the ever-changing availability of services. Providers can only provide a limited amount of
perishable services at one time, with the inability to build up “inventory” to meet peak demand. Unused services result in
lost ‘economic rent’ for organizations. By providing an infrastructure that will allow consumer to view available services in
the area that meets their particular needs, both the consumer and service provider benefit. The consumer is spared from the
cognitive burden of searching through a plethora of services to find one that meets their needs. Also, the service provider is
given the opportunity to sell remaining services to minimize their lost economic rent.
Key Words: Intelligent Agents, e-Marketplace, service bundles
INTRODUCTION

Lack of filtering and classification of the information on the Internet forces online shoppers to wade through the overload of
information published in the millions of web pages. People generally shop online via desktop/laptop computers from home or
work, utilizing the power and bandwidth that these machines have at their disposal. However, for the mobile user, the small,
impotent wireless devices that currently utilized for mobile commerce applications further complicate this overload of
information.
Mobile consumers require a customized ‘bundle’ of services that are dynamically created from the available set of services of
individual providers. The dynamic discovery of a ‘bundle’ of individual services from a network of service providers that
meets the unique needs and constraints of a mobile user requires intelligent agent technology to match the personal needs of
the user with the available services in a cost-efficient manner. Services are unique since unused services do not generate
revenues and present a lost ‘economic rent’ for organizations. This paper provides a mechanism to create dynamic service
bundles from ad-hoc user requirements using intelligent agents. Although the dynamic network can be applied to various
situations such as Supply Chain Management, we choose to apply this infrastructure to a mobile commerce environment. We
illustrate the composition of user-specific service ‘bundles’ by intelligent agents that represent the interests of the mCommerce user. Such agent-based architectures provide users customized solution ‘bundles’ that reduce their cognitive
burden, while improving the utilization of resources for organizations that are part of the service provider network.
BACKGROUND
Intelligent Agents

Intelligent software agents can be used to facilitate the discovery and integration of eBusiness processes and in the
management of information and knowledge flows of the participating firms. An intelligent agent is “a computer system
situated in some environment and that is capable of flexible autonomous action in this environment in order to meet its design
objectives” (Jennings and Wooldridge, 1998). Intelligent Agents are action-oriented abstractions in electronic systems,
entrusted to carry out various generic and specific goal-oriented actions on behalf of users. The agent paradigm can support a
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range of decision making activity including information retrieval, generation of alternatives, preference order ranking of
options and alternatives and supporting analysis of the alternative-goal relationships. In this respect, intelligent agents have
come a long way from being digital scourers and static filters of information to active partners in information processing
tasks. Such a shift has significant design implications on the abstractions used to model information systems, objects or
agents, and on the architecture of information resources that are available to entities involved in the electronic system.
Klusch (Klusch, 2001) points out that the specific autonomous behavior expected of intelligent agents depends on the
concrete application domain and the expected role and impact of intelligent agents on the potential solution for a particular
problem that the agents are designed to provide cognitive support. Muller (Muller, 1997) identifies three minimal criteria of
the application domain to apply agent technology. According to Muller, the application domain should:
•

Exhibit natural distributivity, e.g. autonomous entities, geographical distribution, distributed data;

•

Require flexible interaction, e.g. there is no a priori assignment of tasks to actors, there are no fixed processes;

•

Be embedded in a dynamic environment, e.g. our physical world, artificial worlds like the Internet, the world of
finance.

e-Marketplace systems are distributive, flexible and dynamic environments well suited for the application of agents (Kang
and Han, 2002). Multi-agent systems can be used to enhance the information flows among eMarketplace participants and
work with human agents to organize, store, retrieve, search, and match information and knowledge for eCommerce and
mCommerce users.
m-Commerce

Forecasts show that mobile Internet users will grow to 729 million in 2005 (Juptner, 2002), which translates into worldwide
m-commerce revenue growing from $400,000 spent in 2000 to over $22 billion spent in 2005 (Macklin, 2001). Two-thirds of
people in the U.K., the U.S., and Japan had mobile phones in 2001 (Wearden, 2001). In other parts of the world such as
Hong Kong and Scandinavian countries, 80% of people have mobile phones (Wearden, 2001). This widespread adoption
illustrates the desire to use wireless devices such as PDA’s and mobile phones, but consumers do not utilize them at their full
potential by forgoing the use of Internet connectivity to aid in shopping for needed services. The lack of use for mCommerce is due to the technical hurdles such as intermittent access, small displays, ineffective input devices, and low
processing power which still prevent the m-commerce environment from reaching its potential in fulfilling the mobile
consumer needs.
Companies have responded to the introduction of the m-commerce medium as if it was a close variant of e-commerce. Web
sites have utilized simplified designs of their e-commerce sites as their m-Commerce site, however, users have distinct goals
in each medium arising from the time and location pressures placed on m-Commerce users (Venkatesh et al., 2003). The
time pressure is because mobile users will not (and perhaps cannot) utilize the wireless devices for search-intensive activities
due to the technical issues with bandwidth and inept devices. Instead, consumers need websites to provide solutions for time
critical activities, taking into account the location dependence of services. Also, the time pressure is in part due to the
location pressure limiting the availability of choices. With the ever-increasing mobility of consumers, it is clear of the need of
an infrastructure that can support the information requests of those who are unfamiliar with their surroundings or do not have
time nor desire to search for services. Information about services can be provided to a consumers that meets their personal
preferences, located around a desired location, and presented in a concise yet complete format. The user does not have to
manually shop for services bundles in order to satisfy their needs within the price, location and time constraints.
Service providers have unique needs given that unused services do not generate revenues and constitute a lost ‘economic
rent’ to the provider organizations. Companies need to communicate their available services dynamically in order to
maximize the revenue potential of the service offerings. For example – a dentist that has an unfilled appointment slot does
not receive any money for the service, but still has to pay all the labor and fixed costs; For airline seat reservations, the
airplane still uses the same amount of fuel whether or not the seat is filled, but the empty seat brings no revenue to defray the
fixed costs. Another example is a hotel that has rooms available, but still has to pay staff the same amount of money whether
the hotel is completely booked or is only half-full.
Consumers in need of services and businesses providing those services require a way to efficiently communicate specific
needs and capabilities to fulfill each other’s desires. In addition, consumers may require a set of services that go beyond the
individual capabilities of a single service providing organization (such as food, a taxi, and a hotel room). Such a collection of
services, referred to herein as service bundles, represent a closer match to the consumers need and are sets of individual
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capabilities of service providers. The technical hindrances notwithstanding, IS research contributes by developing business
models to make the technology useful to consumers and businesses. In this research we focus on the business needs and
revenue generation streams for the services provider industry in mCommerce.
e-Marketplace

The e-Marketplace model is based on three critical roles that must take place in order for the market to transparently provide
the buyers and sellers the best possible match: Discovery, Facilitation, and Support (Grover and Teng, 2001;Bakos, 1998).
Discovery is the process of finding the buyers and service providers that meet each other’s requirements. Facilitation is the
supporting structure that allows the information flows between different parts of the marketplace – primarily between the
buyers and suppliers or service providers. Support is the decision-making ability of the system to provide the consumers with
relevant product choices that meet both their preferences and time/location demands.
e-Marketplace models can be made more efficient by utilizing electronic agents to work on behalf of e-Marketplace users to
serve their needs in an information intensive environment (Papazoglou, 2001). For this research, an e-Marketplace provides
the necessary information-sharing infrastructure to allow service providers to publish their service offerings inside a
organized repository. This creates an environment where agents can process this information to seek and discover individual
or groups of services customized to meet the needs of the mCommerce consumers. In addition, customized service bundles
created by intelligent user-agents, with knowledge of user preferences, reduce the information overload of consumers by
eliminating the need for exhaustive searching for individual services. Businesses gain access to these mobile users through
publishing intelligent agents into an e-marketplace with knowledge of their available services, providing an avenue for better
utilization of service resources for increased revenue generation.
REQUIREMENTS OF INTELLIGENT M-COMMERCE E-MARKETPLACE

Mobile commerce must provide the user with information about locally relevant services by capturing the location of the user.
This location specificity is important in providing consumers useful information instead of the information overload that
plagues regular e-commerce (Venkatesh et al., 2003). Also, the mobile environment does not have the computing resources
or the bandwidth to send large amounts of data to accommodate large numbers of choices for the user to consider. Therefore,
logic must be used in determining what the user would value based on the location, previous actions, and personal
preferences.
The consumer situation can be observed, analyzed and used to provide a mobile user with information that meets the current
situation that the user finds himself/herself (Figge, 2002). This process uses three main situational components: identity,
position, and time. The identity situation captures and allows processing of the user’s personal profile to reflect their
personal characteristics. For example, the personal profile can contain the information that this customer prefers restaurants
that serve entrées around $20 and 3-star hotels. The location profile for the user would provide the current location that
would be used to understand more about the situation, such as whether the user is in the office or in a sporting venue. The
time situation information would understand and provide information specific to that time. For example, the time profile can
remember that this user prefers to eat around 7:00 p.m. and usually goes to bed around 11:00 p.m. The system can provide a
specific set of situation dependent services to meet the personalized needs of that particular user. Mobile consumers should
allow the user to find desired services with their preferences and location in mind and make a decision from the available
choices. Mobile users benefit from an arrangement of services to meet their time and space requirements, while considering
his/her own personal preferences.
This arrangement or composition of services means that the output of one service becomes the input for another service
(Berger et al., 2003). This is a key concept in that a system that features service composition can be extremely flexible in
order to accomplish the demands put on that system. We apply the Service-Oriented Process (SOP) model to the mcommerce market to compose a set of services to meet the unique needs of the mobile users. We alter Georgakopoulos et
al.’s list of properties of an SOP model: (1) captures products/services from vendors from many different vertical markets
and selects and integrates the services into different product groupings, or service compositions; (2) captures e-services –
models the functional, contractual, and conversational relationships between the service providers in the marketplace; and (3)
allows for the composition of services for mobile commerce users by automatic coordination and organization of grouping of
products/services desired by the m-commerce user (Georgakopoulos et al., 2002). Table 1 shows the requirements of an
agent-enabled eMarketplace for mCommerce users.
Requirements of the agent enabled mCommerce Marketplace
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Wireless Coverage Availability
Multiple Service Providers
Automatic Discovery, Matching,
and Composition of Services
Ontology
Preference Storage and
Adaptation
Location
Trust/Security
Proof of Purchase

Decision Time Allotment

While urban areas are generally well covered, rural areas still have uncovered
digital coverage needed to utilize the m-commerce system.
A network of service providers to meet consumers needs. Similar to the
“network” effect where the more businesses participating in the marketplace,
the more valuable it becomes for providers, consumers and the network.
Services need to be automatically discovered, matched to specific requests and
be aggregated into bundles of services through “Matchmaker” capabilities.
For the marketplace to aggregate and search through different choices, the
same words must describe services to compare between the available options.
Users must be able to set their preferences for services and to customize these
preferences over time to better meet their changing needs.
Location must be able to be determined with some accuracy. Technology such
as E-911 and GPS are being built into most phones and can be added to many
PDA’s to meet this requirement.
Digital signatures, encryption mechanisms, and authorization functionality can
offer consumers confidence in wireless communication security, which in turn
boosts trust in m-commerce.(Siau and Shen, 2003)
The system must provide consumers with a proof of purchase that will prove to
the business that the transaction has occurred. Businesses such as PayPal or
Microsoft Wallet can securely broker payments between business and
consumer and provide proof of payment.
Businesses must allow the consumer time to check the options available and
make a decision. However, this creates problems with businesses reserving
products/services for wireless users when they could have sold to other
customers.

Table 1: Requirements of agent-enabled mCommerce eMarketplaces

PROPOSED SERVICE ARCHITECTURE

In ascertaining the time and location demands of the user, the system provides easy access to time-saving, location-specific
services that the user can query, view alternatives, and securely purchase in a manner that meets the unique characteristics of
the mobile product (cell phones, PDA’s, etc.) platform. Utilizing the current availability of certain technology such as Global
Positioning Systems (GPS) that many cell phones and PDA’s can be (or already are) equipped with, we can ascertain the
location of the user. One thing that this model hinges on is the availability of wireless coverage, but the design can work
without being connected to the wireless network during the entire transaction. Figure 2 illustrates the conceptual model of
the agent architecture.
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Figure 1: An agent-enabled architecture to model the information flows required for service bundle composition.

Composing of a Sample Service Composition

For this demonstration of the model, we walk through the series of information flows required for the utilization of this
model. The example we will use is one of a mobile business traveler that is in an unfamiliar city, but in need of dinner,
transportation, and movie theater tickets.
User Agent ->
Business
Service Agent

The user selects the relevant services from the mobile user interface with the ability to drill down
and increase the specificity of preference. The user agent determines the user location, retrieves
the personal profile of the individual that incorporates personal attributes such as preferences for
particular services. Also included is the time profile that states when the user is free from his/her
schedule and the desired time range for services such as eating. These attributes form the
communication between the user agent and the Business Service Agent, shown in Figure 2 above
as communication A1.

Business
Service Agent
-> Horizontal
composition
Agent

The Business Service Agent coordinates with the Horizontal Composition agents and passes the
user situation, and relevant parts of the personal profile (eating preferences, size of theater, quality
of cab service, etc.).
The Horizontal Composition Agent takes information on the desired services and discovers market
segments that are appropriate for the user’s needs. The appropriate parts of the user need
specification; the personal preferences and location are given to the respective composition agents
responsible for discovery of appropriate vertical markets. Parts of the query (the person’s personal
preferences, and location) are given the respective composition agents. In this example, the Movie
Theater vertical market and the Restaurant vertical market would be queried.

Horizontal
composition
Agent
->
Vertical
Market Agents

The Horizontal composition agent interacts with the discovery agents in the individual vertical
markets. The query is divided into segments corresponding to the vertical markets providing the
respective services. That query segment is used in extracting information on the available services
in the vertical market. The available services from all the individual vertical markets from the
query are then organized into service bundles.
In this example, the available services in the Movie Theater vertical market that correspond to the
preferences, time, and location requirements would be viewed. Also, the Restaurant and Cab
Service vertical markets would have their available services information taken into consideration
by the composition agents. The composition agent would read these services and service bundles
would be prepared for the mCommerce user for consideration.
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Figure 2: A specific view of an agent-enabled architecture to model the information flows required for service bundle composition.

Figure 2 shows the specific illustration of one vertical market in the vertical market domain. The composition agents in the
bundle service aggregation domain interact with one discovery agent per vertical market. Therefore, if services from
different vertical markets are desired, then the composition agents would interact with a discovery agent from each vertical
market. In this multiple vertical market scenario, the composition agents must split the query to provide the necessary
information to the respective vertical markets in order to find relevant services. Also, when the discovery agents return the
available services that meet the demands of the user, these composition agents aggregate the services into combinations,
called service bundles, which take into account the time factors of the individual services. These bundles are the information
that is passed back to the consumer for acceptance.
The specific logic of determining the appropriate services within a particular vertical market and then aggregating these
services into a bundle is outside the scope of this article. The matching process is far too substantial to fit within the space
limitations of a single paper, but further analysis of the specifics is underway as the next step in this piece of research.
Table 2 explores the responsibilities of the domains of the infrastructure to show the benefits of a dynamic infrastructure that
can meet the needs of various consumers with an ever-changing supply of available services.
All agents are “owned” or operated by the Service Composition Provider, which acts as a middleman between the Service
Providers and the consumer. In the m-Commerce example, the Service Composition Provider could be the owner of the
wireless network, such as Verizon Wireless, Cingular, etc. The User Agent is responsible for the interaction with the
consumer, whereas the service providers interact only with the Seller Agent who publishes the relevant information to the
respective vertical market. The rest of the infrastructure is transparent to the consumer and to the service providers.
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Responsibilities of the Agent Enabled M-Commerce Model

Part of Chain

Agents

User

•

Bundle Service
Aggregation
Domain

•

Vertical
Marketplace
Domain

User Agent

Business Service
Agent

• Composition Agent

Responsibilities
The user submits the query for services while providing the
location. User will later receive different service bundles and
decide which, if any, meet their needs.
The Business Service Agent receives the query from the mobile
device and adds additional information such as personal preferences
into the query. This updated query is passed onto the appropriate
composition agents in charge of particular vertical markets.

• Transaction Agent

The query will be broken up and sent to the respective vertical
markets as desired by the user. A buyer discovery agent will
interact with the vertical market to pull the relevant services that
meet the user demands. These services will be composed into
service bundles and passed back to the user domain. Details of
transactions will be saved via the transaction agent.

•

Service Provider
Discovery Agent

•

Service Provider
Agent

The service providers will supply the necessary information for the
marketplace via their agents. These agents will interact with the
with buyer discovery agents in order to provide the necessary
information on deciding the match between the seller abilities and
the buyer requirements.

Table 2: Responsibilities of Agents in the Dynamic M-Commerce Model

DISCUSSION AND FURTHER RESEARCH

We have illustrated the need of m-commerce to represent the current offerings of service providers and the needs/preferences
of a mobile consumer in order to provide personalized bundles of services. Our architecture builds on previous research that
provides not just syntactic interoperability, but also the semantic interoperability (Sycara et al., 2003). Syntactic
interoperability permits agents to understand the structure of the communication being given while semantic interoperability
allows agents to understand the context and meaning of the message, primarily by Sycara et al. (Sycara et al., 2003) and
McIlraith et al. (McIlraith et al., 2001).
We have described the services being located in a vertical market, but need to explain how businesses will “publish” their
available services. Universal Description Discovery and Integration (UDDI) is a registry that allows businesses to show their
availability in the marketplace and provide a description of the services they provide. UDDI permits an unlimited set of
properties to the description of the Web Service. In the proposed architecture, the properties would be defined in ontology
for specific vertical markets. However, specifying the standard definitions of service properties will only allow for syntactic
interoperability. Semantic web services can be achieved in utilizing the DAML-S virtual machine. This architecture is
comprised of the web-service invocation, the DAML-S processor, and the DAML inference engine. The web-service
invocation handles the communications between the UDDI registry, which then passing it to the DAML-S processor. The
processor translates it into DAML, and sends this to the DAML inference engine that interprets the message according to a
specified ontology. The inference engine makes a decision based on the information presented from the mobile consumer’s
request and the available services located in the vertical market of choice. In Sycara et al’s model, this inference engine is
designated as the “Matchmaker” that selects the service offerings that are relevant for the request.
M-Commerce is set to become the next step in electronic commerce due to the demands of the mobile society. People are
constantly on the move, connected by cell phones and PDA’s. Yet, people do not have the convenience of accessing the
effectively access a large information source, the Internet, in order to utilize their time efficiently. The current infrastructure
does not meet the demands of mobile consumers and the mobile hardware. However, the proposed model provides
consumers with easy access to services without information overload from anywhere, even with intermittent wireless
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connection. Consumers are allowed to specify personal preferences in order to narrow the groupings of services. Businesses
gain access to more consumers to attempt to sell the available perishable services.
While this model hinges on several important factors, the most obvious is the “network” effect of a needed critical mass of
businesses to join in order to provide consumers with an adequate selection of services in specific areas. This model would
best be implemented in major markets first, then spreading to smaller markets. Future research should be directed towards
the inference mechanism for determining relevant services, the security of the system, and the user interaction (User Interface
and the communication between the wireless device and the m-commerce system). Once the inference mechanism for the
intelligent agents in the architecture is in place, work can be started on a prototype system that would not use an actual
wireless device, but would show the service groupings that the system would produce to the consumer given a location and
preferences.
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